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ACTIVITY RHYTHMS AND BEHAVIORAL 
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ONE CAVERNICOLOUS HARVESTMEN 
(ARACHNIDA, OPILIONES, GONYLEPTIDAE) 


Sonia Hoenen and Pedro Gnaspini: Departamento de Zoologia, Institute de 

Biociencias, Universidade de Sao Paulo, Caixa Postal 11461, 05422-970, Sao Paulo, 
SP, Brasil 

ABSTRACT. The activity rhythms, feeding behavior, and reaction to light of two epigean (surface 
inhabitant) species of harvestmen (Iporangaia pustulosa and Iguapeia melanocephala ) and of one cav- 
emicolous species (.Pachylospeleus strinatii ) have been recorded. Both the epigean and the cavemicolous 
species showed a highly pronounced circadian rhythmicity. The cave species showed a bimodal pattern. 
Whereas the epigean species carried food away to feed, the cave species fed where they found the food. 
The time of reaction to light did not differ statistically between species. However, when exposed to light, 
the cave species walked much longer distances after it started walking. These differences are probably 
due to cave adaptation. The cave species may have to wander further for food (and maybe mates) because 
of the scarcity of resources and, therefore, show greater activity and also a tendency to exploit a resource 
wherever they find it. 


The cave environment is characterized by 
darkness, at least in deep regions, and the con¬ 
sequent reduction or absence of photoautotro- 
phic organisms, high relative humitidy (al¬ 
most 100%), and small temperature variations 
over both a daily and annual basis (Barr 1968; 
Poulson & White 1969; Howarth 1983). These 
peculiar conditions promote the establishment 
of a characteristic fauna which may possess 
morphological, physiological and behavioral 
modifications that allow them to find food and 
sexual partners (Culver 1982; Parzefall 1986; 
Holsinger & Culver 1988), especially among 
species restricted to the subterranean environ¬ 
ment (the troglobites). These modifications 
may include reduction or loss of eyes and pig¬ 
mentation, improvement of other sensorial or¬ 
gans, etc. Behavioral patterns that have lost 
their biological meaning in the new habitat 
(e.g., avoidance of predators, which may be 
absent) or for which a cue is absent (e.g., 
those behaviors related to vision) could be su- 
pressed in the troglobites. In turn, new behav¬ 
ioral patterns related to the new habitat con¬ 
ditions may arise. 

One of the most conspicuous biological dif¬ 
ferences between troglobitic and epigean spe¬ 
cies is related to endogenous, self-sustained 
biological rhythms. Because surface environ¬ 


mental conditions oscillate cyclically, the abil¬ 
ity to anticipate temporal changes in the en¬ 
vironment would enable an organism to be 
prepared, both physiologically and behavior- 
ally, to perform specific activities when the 
environmental conditions are most favorable 
to the species. This confers to the organism 
the property of being continuously adjusted to 
the cyclic changes of the environment and, 
therefore, of being temporally adapted 
(Marques Sl Waterhouse 1994). 

In non-troglobitic cavemicolous species 
(those which may and those which must leave 
the cave during their life), the presence and 
synchronization of endogenous rhythms 
would guarantee the time adjustment of exits 
and returns to the cave. Indeed, after Saunders 
(1982), studies focusing on temporal patterns 
with animals of each one of these categories 
show' that activity patterns appear to reflect the 
relationship that each animal has with the 
cave. In contrast, it is generally accepted that 
the internal clocks of troglobites have been 
supressed (Lamprecht & Weber 1991). Nev¬ 
ertheless, as cycles (even attenuated ones) are 
present in some deep regions of caves, it is 
possible that some rhythmic characteristics 
persist. 

Although there are numerous troglobitic 
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species, few studies on biology of opilionids 
have been conducted (e.g., Juberthie 1964; 
Gnaspini 1996). We present herein informa¬ 
tion on activity rhythms and general behavior 
of three species of harvestmen, one troglobitic 
and two epigean, aiming the comparison of 
strategies in different habitats and the contri¬ 
bution to the knowledge of biology of opi¬ 
lionids in general. 

METHODS 

Three species of Laniatores harvestmen 
(family Gonyleptidae) were used in this study. 
The two epigean species, Iporangaia pustu¬ 
losa Mello-Leitao 1935 and Iguapeia tnelan- 
ocephala Mello-Leitao 1935, belong to the 
subfamily Progonyleptoidellinae, and the trog¬ 
lobitic species, Pachylospeleus strinatii Sil- 
havy 1974, belongs to the monotypic subfam¬ 
ily Pachylospeleinae. They were chosen for 
two reasons. First, they are abundant and were 
easily available for our study. Second, one 
species is a restricted cave species and the 
others live only outside of caves. Thus, they 
have contrasting characteristics. 

The species were collected in the Ribeira 
Valley, Sao Paulo State, southeastern Brazil. 
This area is a humid subtropical region with¬ 
out a dry season; total rainfall is 1500 mm; 
and the annual average temperature ranges be¬ 
tween 17-19 °C (Setzer 1966; Monteiro 1973; 
see also Gnaspini 1996 for description of ar¬ 
eas). 

Recent phylogenetic analysis of the family 
Gonyleptidae (R. Pinto-da-Rocha, pers. 
comm.) has shown that Progonyleptoidellinae 
is the sister group of Sodreaninae + Caelo- 
pyginae. Species of this whole clade (three 
subfamilies) could be considered “diurnal” 
because they can easily be seen during the 
day, active or inactive. On the other hand, Pa¬ 
chylospeleinae belongs to a “nocturnal” 
clade. Epigean species of this second clade 
completely hide during the day, leaving their 
shelters only after dusk. 

Iporangaia pustulosa and I. melanocephala 
are epigean species which live on tree trunks 
and on or under leaves in rainforests from 
southeastern Brazil. Our observations have 
shown that they are not gregarious species be¬ 
cause the specimens have been always ob¬ 
served alone or, at most, wandering near co¬ 
specifics. Specimens of /. pustulosa are 
generally seen walking on low vegetation near 


damp areas during the morning, whereas spec¬ 
imens of /. melanocephala are generally seen 
walking on tree trunks on the same areas. 
These two species were collected in the area 
of Parque Estadual Intervales (PEI), a moun¬ 
tainous region with elevation ranging from 
70-1000 m (collections were made at about 
800 m). Nevertheless, their geographical dis¬ 
tribution includes the area where the third spe¬ 
cies studied is found. 

The troglobitic species (P. strinatii) was 
collected in the Aguas Quentes cave (SP-016, 
elevation 180 m), located in Parque Estadual 
Tunstico do Alto Ribeira (PETAR), at lower 
elevations than PEI. It is restricted to one sys¬ 
tem of caves (“Sistema das Areias”) and has 
been studied primarily at the population level 
by Pinto-da-Rocha (1996). It does not seem to 
be gregarious either. Its endemic distribution, 
allied with troglo morph isms (depigmentation 
and increased segmentation of tarsus of the 
sensorial leg II), have led Pinto-da-Rocha 
(1996) to consider it a troglobite. Silhavy 
(1974) has also considered it a troglobite, and 
has added to the list of troglomorphisms the 
reduction of eyes. However, the species has 
eyes, which seem to have “normal” size. 

We maintained all harvestmen species in 
terraria with very damp soil on the bottom. 
Seven individuals of /. pustulosa and one of 
/. melanocephala were kept under natural day¬ 
light : dark cycles, and four individuals of the 
cavemicolous P. strinatii were kept in a base¬ 
ment laboratory. Inside the laboratory the ter¬ 
raria were left in a chamber with a dark and 
humid environment which approximates the 
cave environment. All species were fed once 
a week with pieces of Tenebrio obscurus lar¬ 
vae. Iporangaia pustulosa was also fed with 
pieces of carrot and lettuce. During feeding, 
we observed behavior under natural illumi¬ 
nation or with fluorescent bulbs. 

We conducted the tests of reaction to light 
in a box 35 cm long with a small side retreat 
in the back. A glass with water provided a 
thermal barrier between the front of the box 
and an incandescent bulb (light intensity at 
this point = 340 lux). An individual was 
placed in the box 15 minutes before the test, 
in the end nearest the lamp (which was off) 
under very dim light (4 lux). During tests, the 
light was switched on, and the time elapsed 
for the animal to start walking (time of reac¬ 
tion) as well as the total distance walked dur- 
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Figures 1-3.—Results of the circular analysis of the activity rhythms of the harvestmen. 1. Iporangaia 
pustulosa ; 2. Iguapeia melanocephala ; 3. Pachylospeleus strinatii. The circumference represents 24 hours; 
each line represents the grouped data (all days recorded) of percentile activity per hour. 


ing 15 minutes were recorded. Tests were con¬ 
ducted in different hours of the day, and, in 
each test, all animals have been tested at the 
same time. This procedure avoided both re¬ 
action differences due to endogenous timing, 
and differences due to specific different peri¬ 
ods of rest/activity. The results were compared 
using analysis of variance (ANOVA) (Zar 
1996). 

Continuous records of activity rhythms 
were made using a system that detects vibra¬ 
tions and sends the data to a computer. 
Through acoustic sensors connected to the 
walls, the system recorded overall activity, by 
detecting all body movements of the animals, 
including walking, grasping and chewing the 
food, cleaning legs with mouth parts, etc. All 
records were made under continuous red light 
(2 lux, 680 nm), because it is well accepted 
among entomologists and arachnologists that 
this type of light does not affect the behavior 
of these arthropods. Moreover, previous tests 
showed that this light condition do not disturb 
the behavior of these animals. The animals 
were provided with food and water in the be¬ 
ginning of the experiment and after one week. 
Data were analysed using the Rayleigh test, 
which tests if there is a preferential direction 
for a circular unimodal distribution. When 
Rayleigh was inappropriate, the Hodges-Ajne 
test, which can be applied to samples with any 
distribution, even multimodal, was used (Zar 
1996). 


RESULTS 

Activity rhythms.— -The results of the re¬ 
cords of activity rhythms are presented in 
Figs. 1-3. The circumference represents 24 h; 
each line represents the grouped data (all days 
recorded) of percentile activity per hour. Only 
the clearest record for each species is shown 
here. 

The record of /. pustulosa was made over 
7 days. The circular analysis (Fig. 1) indicates 
that the activity rhythm has a circadian peri¬ 
odicity (Rayleigh test: R = 24.18; r = 0.41; 
n = 59; P < 0.05; this test is more significant 
the closer r gets to 1.0), with the major phase 
of activity occuring around 1700 h. A second 
and much lower activity peak occurs during 
the morning. 

The record of L melanocephala continued 
for 11 days. The circular analysis (Fig. 2) also 
shows a circadian periodicity (Rayleigh test: 
R = 350.43; r = 0.693; n = 506; P < 0.05), 
with an activity peak around 1400 h. 

The record of P. strinatii was made for 10 
days. The circular analysis (Fig. 3) shows a 
circadian periodicity in the activity rhythm. 
However, the activity pattern was clearly bi- 
modal, thus the Rayleigh test could not be ap¬ 
plied. In order to statistically analyze these 
data, we utilized the test of Hodges-Ajne, that 
indicates a very significant circadian period¬ 
icity (Median = 21 h; n = 120; m = 8; P < 
0.05). This means a bimodal preference for 
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Table 1.—Results of the reaction to light of two individuals of Iporangaia pustulosa and two of Pa~ 
chylospeleus strinatii. T.R = Time to start Reaction (min); T.D.W. = Total Distance Walked (cm). 
represents no displacement. 


Date (Time) 


/. pustulosa 



P. strinatii 


ind. 

1 

ind. 2 

ind. 

1 

ind. 2 

T.R. 

T.D.W. 

TR. 

T.D.W. 

T.R. 

T.D.W. 

T.R. 

T.D.W. 

13/Jan/98 (lOOOh) 

4.83 

10 

5.38 

25 

2.97 

257 

7.5 

253 

16/Jan/98 (lOOOh) 

— 

— 

4.833 

15 

12.17 

41 

— 

— 

19/Jan/98 (04Q0h) 

1.5 

18 

1.9 

93 

0.42 

203 

17.8 

55 

22/Jan/98 (1600h) 

— 

— 

0.5 

63 

1.2 

184 

— 

— 

29/Jan/98 (1400h) 

— 

— 

7.65 

27 

3.6 

28 

10.4 

27 


activity at 0900 and 2100 h. The record also 
shows that this species walks long distances, 
because the activity is very intense. 

Feeding behavior. —Neither the epigean 
nor the cavemicolous species showed any pat¬ 
tern of intraspecific aggressive behavior, even 
when feeding occurred after a long time under 
starvation conditions. Instead, individuals of 
/. pustulosa stayed very close, touching each 
other with their sensorial legs while feeding. 
Even interspecific aggressiveness among /. 
pustulosa, I. melanocephala and P. strinatii 
was not observed. In turn, in previous obser¬ 
vations, individuals of Goniosoma proximum 
(Mello-Leitao 1922) actually expelled /. me¬ 
lanocephala from the food (S. Hoenen, pers. 
obs.). The former are much larger than the 
latter. G. proximum (Goniosomatinae) can be 
found either in the same area where the two 
epigean species occur, either in some caves. 
The animals studied have been collected from 
a granitic cave. Whether or not it is a proper 
cavemicolous species or if it is an accidental 
in caves is difficult to assure, because they 
may or may not inhabit caves in areas where 
they occur in the forest (see Gnaspini 1996 
for discussion). 

We observed that all epigean tested species 
remove pieces of food to ingest away from the 
source. This movement away from the food 
source appears to be mediated by contact. The 
harvestmen seem to stop for ingestion only 
after they leave the area where they touch one 
another. This could be a behavior to avoid 
fighting for food among conspecifics. How- 
ever, no aggressive pattern was observed 
when individuals casually meet each other. 
Moreover, this behavior occurred only when 
small pieces of food (e.g., pieces of beetles 


and of carrot) were offered; when lettuce was 
offered, possibly because pieces were bigger, 
they ingested it in the same site, even if touch¬ 
ing one another. Although they may rest close 
to each other, either intra- or interspecific ally, 
they do not seem to be gregarious because 
resting close together is not the general rule. 
Because the animals did not exclusively re¬ 
treat under shelters either before or after food 
capture, we do not believe that movement 
away from the food source is related to pred¬ 
ator avoidance. 

In contrast, this behavior of carrying food 
did not happen frequently in the troglobitic 
harvestmen. This could be related to life in an 
environment lacking predation pressure; the 
animal does not need to hide while feeding. 
In addition, it is probably advantageous to im¬ 
mediately consume food when it is patchy and 
scarce, like in a cave. 

Reaction to light.— The results of the tests, 
made with two individuals of /. pustulosa and 
two of P. strinatii, are shown in Table 1. In 
order to evaluate possible differences in these 
responses, all values of time of reaction ob¬ 
tained for /. pustulosa were compared with 
those obtained for P. strinatii using an ANO- 
VA. The same test was used for comparison 
of the total distance walked. No statistical dif¬ 
ference concerning time of reaction was ob¬ 
served between the species (F-ratio = 1.670; 
df — 1; P > 0.05). However, there is a statis¬ 
tical difference for the distance walked (F-ra¬ 
tio = 5.514; df — 1; P = 0.03), indicating that 
P. strinatii walks for significantly greater dis¬ 
tances than I. pustulosa . This is an interesting 
result because it suggests a greater vagility in 
the former species, which is an expected char¬ 
acteristic for a troglobite that lives in an en- 
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vironment with a poor food supply. Moreover, 
considering the apparatus used for tests with 
only 35 cm length, the great distances walked 
by P. strinatii implies that the animal would 
walk back and forth in the chamber, some¬ 
times towards the light. This may suggest that 
this species has less photophobic reaction than 
the epigean one. However, the fact that the 
animals react immediately to a light source 
could imply reaction to a sudden stimulus, and 
not necessarily a photophobic reaction. We 
expect that any other stimulus, in addition to 
light (mechanic, magnetic, electric, etc.), 
strong enough to be detected by the animal, 
would promote start of activity. However, we 
have not tested it yet. 

DISCUSSION 

Both of the epigean species (7. pustulosa 
and 7. melanocephala ) show strong circadian 
activity rhythms, as expected facing the ubiq¬ 
uity of circadian clocks among surface organ¬ 
isms (Biinning 1967; Menna-Barreto 1997). 
Both species could also be characterized as 
“diurnal” because of the main expression of 
activity during the day. Accordingly, species 
of the whole clade that includes both Ipor - 
angaia and Iguapeia are considered “diurnal” 
because they are mostly seen during the day. 
There are two peaks for 7. pustulosa, one after 
dawn and one around sunset, the latter being 
greater. This pattern may be explained by the 
temporal distribution of their “food,” i.e., in¬ 
sects are much more available during these 
hours of the day, especially near sunset. 

Although it is generally accepted that trog- 
lobites have lost temporal organization, at 
least for circadian frequencies (Lamprecht & 
Weber 1991), because they live in an environ¬ 
ment without the light/dark cycle, some trog- 
lobitic species appear to maintain a circadian 
rhythm (e.g., Wilkens et al. 1990; Trajano & 
Menna-Barreto 1995). This is also the case of 
P. strinatii, which also shows circadian rhyth- 
micity. This seems to be a rather intiiguing 
result, and there are several evolutionary traits 
that may lead to this result. As pointed out by 
Husson (1971): “Cave fauna are heteroge¬ 
neous, differing from one another in the age 
of their existence, their origins, their reactions 
towards environment, in the reasons for their 
presence in caves. On account of this hetero¬ 
geneity in the cave fauna it is not reasonable 
to apply identical laws to all cave animals and 


to hope to find the same biological rhythms.” 
Therefore, it is not surprising that the tem¬ 
poral aspects of cave species, mainly the trog- 
lobites, are not as universal as those of the 
epigean species. The main cause for this dif¬ 
ference is probably the diversity of ecological 
origins of troglobites and their adaptive char¬ 
acteristics (Vermeij 1987). 

Our data point to an endogenous control 
underlying the expression of the activity of P. 
strinatii ; and, although bursts of locomotion 
can happen at anytime, there are two main in¬ 
tervals within which activity seems to occur. 
A circadian rhythm in troglobites may be 
maintained either because it is advantageous, 
or because it is a relictual feature from an 
“old” epigean relationship which has not 
been lost. If a given troglobitic species feeds 
on material ruled by epigean cycle, it is ex¬ 
pected that this species would keep circadian 
rhythmicity. This would apply, for example, 
either to a predatory troglobite which feeds on 
non-troglobitic organisms (which would prob¬ 
ably show circadian rhythmicity), or to a de- 
tritivorous/scavenger/omnivorous troglobite 
which feeds on material which comes from 
the epigean environment following circadian 
rhythms (such as regular floods, regular wind 
flows). However, this does not seem to be the 
case for P. strinatii, as it seems to be mainly 
detritivorous/omnivorous and the input of or¬ 
ganic material in the caves where it lives does 
not seem to be related to any daily event. On 
the other hand, the circadian rhythmicity of P. 
strinatii could be considered a relictual feature 
because Pachylospeleinae (which includes Pa- 
chylospeleus) belongs to a “nocturnal” clade, 
in which epigean species completely hide dur¬ 
ing the day and leave their shelters only after 
dusk. 

Based on our data, it seems that any given 
stimulus, be it internal (e.g., hunger), or ex¬ 
ternal (e.g., turning a light on or handling the 
animal), causes the start of activity of P. stri¬ 
natii, which continues for long time intervals. 
This happens probably because of the scarcity 
of food and mates in the environment where 
the species lives. It is likely that, because food 
is patchy and scarce and should be exploited 
promptly, this species feeds wherever it finds 
food and does not take it away. In addition, 
the bimodal pattern of activity of P. strinatii 
may be a result of its life in the cave environ¬ 
ment; i.e., the scarcity of food may have led 
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the species to look for food in a more frequent 
and more intensive way, causing the original 
nocturnal expression of the activity to become 
duplicate, resulting in bimodality. However, it 
awaits testing. 

Circadian periodicities seem to be impor¬ 
tant, not only for adjustment to that habitat, 
but also for the maintenance of internal tem¬ 
poral organization (Marques et al. 1997), 
which is responsible for the regulation of dif¬ 
ferent and sometimes incompatible physiolog¬ 
ical systems. Thus, an additional hypothesis is 
that P. strinatii could be maintaining a circa¬ 
dian rhythmicity for some internal and yet un¬ 
known physiological feature. 
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